Despite significant advances in renal replacement techniques, the survival rate of patients with acute renal failure has not improved over the past decade. The causes of these persistently poor outcomes remain incompletely defined, but the increasing age of the patient population and higher incidence of serious comorbid conditions, particularly multiorgan system failure, appear to be major contributing factors. The prognosis is especially bleak for critically ill patients with acute renal failure. Reported mortality rates for these patients range from 50 to 80%.
The management of acute renal failure in the intensive care unit is often complicated by limited treatment options. Frequently, hemodynamic instability precludes the use of hemodialysis. Furthermore, many patients have had recent abdominal surgery or have other contraindications to peritoneal dialysis. These patients were considered to be "undial~zable" until the development of renal replacement' therapies such as continuous arteriovenous hemofiltration (CAVH), continuous venovenous hemofiltration (CVVH), continuous arteriovenous hemodiafiltration (CAVHD), and continuous venovenous hemodiafiltration (CWHD).
In this issue of the J O Z W~L~~, Dr Eric van Bommel and colleagues present a timely and comprehensive review of the continuous renal replacement techniques. Their paper highlights the practical advantages of these therapies in critically ill patients, especially in those who are poor candidates for other modes of dialysis. In addition, Dr van Bommel et a1 discuss data from animal models of septic shock suggesting that continuous renal replacement therapies may improve hemodynamics and ox~genation independent of volume removal. They postulate that these effects may be mediated by clearance of circulating inflammatory mediators by the henlofilter. If further clinical investigation confirms these findings, continuous renal replacement techniques n70uld become the preferred treatments for acute renal failure in the intensive care unit, particularly for patients with septic shock.
Unfortunately, continuous renal replacement therapies pose several challenging management problems. These techniques are extremely labor intensive, usually necessitating one-to-one nursing coverage to adequately monitor ultrafiltration and replacement volumes. In addition, CVVH and CVVHD require the use of a blood pump, thereby increasing the complexity of the treatment. Clearly, proper application of these therapies requires adequate training and staffing levels of ICU personnel. In addition, the high volume of ultrafiltrate obtainable, particularly with pump-driven techniques, requires meticulous monitoring of electrolytes and careful selection of replacement fluid. For example, with daily ultrafiltrate volumes in excess of 10 and sometimes 20 liters, inadequate bicarbonate replacement frequently results in metabolic acidosis. Finally, all continuous renal replacement techniques require anticoagulation. Even in patients with significant coagulopathies or thromboqrtopenia, the high ultrafiltration rates achieved by typical hemofilters may result in sufficient hemoconcentration to cause frequent dialjzer thrombosis unless anticoagulation or prefilter dilution infusions are employed.
Prospective studies have demonstrated the safety and efficacy of continuous renal replacement techniques [1, 2] . Clearly, these therapies provide excellent control of azotemia and volume status with few complications. However, very little data are available regarding the relative merits of these modalities when compared with hemodialysis and peritoneal dialysis. The small, retrospective investigations reported to date d o not convincingly demonstrate clinical superiority for continuous treatments versus hemodialysis. Available studies also d o not show any clear advantage for any particular form ofcontinuous renal replacement therapy.
In view of the limited clinical data, the relative merits of hemodialysis, peritoneal dialysis, and continuous techniques for patients for whom nvo or more treatment modalities are viable options remain controversial. Despite theoretical advantages for CAVHD and CWHD, the choice of renal replacement therapy should be based on the specific characteristics and needs of each patient as well as pmctical considerations such as availability of dialpis staff or equipment and physician experience.
Acute hemodialysis clearly remains the treatment of choice for rapid correction of electrol~rte disturbances, principally hyperkalemia and hypercalcemia. Hemodialysis also provides the most rapid Copyright 0 1334 Blackell Science, Inc. 263 means of volume removal and should be used for patients with pulmonary edema, particularly if this intervention will allow the patient to avoid mechanical ventilation. Significant technical improvements, such as bicarbonate dialysate, volumetric dialysis machines, and biocompatible dialper membranes, have greatly improved the efficiency and safety of hemodialpis, particularly with regard to hemodynamic stability during treatment. The development of heparin-free protocols, employing frequent saline flushes of the dialyer in lieu of anticoagulation, has reduced the incidence of dialpis-related hemorrhagic complications.
Although the most efficient technique for urea clearance, hernodialysis may prove inadequate for control of azotemia in patients who are extremely catabolic, have significant gastrointestinal bleeding, o r receive high protein nutritional support. In addition, patients whose obligatory fluid intake exceeds their fluid losses by more than 2 to 3 liters per day will likely require supplemental ultrafiltration. Furthermore, the need for specialized equipment and personnel may limit the availability of this therapy.
Peritoneal dialysis remains a viable option in hemodynamically unstable patients. It is widely used for critically ill pediatric patients with acute renal failure. This technique requires minimal additional training of ICU staff and allonls the physician great flexibility in adjusting the dialysis regimen to compensate for changes in volume status. In addition, this therapy does not require vascular catheterization or systemic anticoagulation.
Although previously limited by the technical difficulty and risks of peritoneal catheter placement, the development of laparoscopic catheter placement techniques [3] may lead to increased use of peritoneal dialysis in the intensive care unit. Laparoscopic visualization should reduce the incidence of insertion complications and may allonr catheter placement in patients who are not suitable for blind insertion, such as those with an ileus.
While peritoneal dialysis is the least efficient of those renal replacement therapies, improved urea clearance may be obtained with higher exchange volumes or frequency. Automated peritoneal dialysis cyclers may be of particular value in the intensive care unit as they are designed to deliver rapid, frequent exchanges. Cyclers with tidal dialysis capability may achieve further increments in urea clearance. In this technique, the dialysate is only partially exchanged, leaving sufficient residual volume to allow full contact between the peritoneal surface and dialpate during the entire dialysis cycle. Tidal dialysis theoretically minimizes the period of inefficient solute and fluid transfer due to incomplete peritoneumldialysate contact that occurs with l o! v dialysate volumes. In addition, this technique may allon7 for increased total exchange volumes by improving the rate of dialysate inflow and outflonr. Tidal peritoneal dialysis can increase urea clearance by up to 20% over conventional peritoneal dialysis [4] and could potentially increase daily urea clearances to levels similar to those achieved by W D and W M D .
In summary, the principal role at present for continuous renal replacement therapies is the management of acute renal failure in patients unable to tolerate hemodialysis. These techniques are safe and effective and should be considered in all critically ill patients with acute renal failure if warranted by clinical and practical considerations. Future investigations are needed to confirni preliminary studies suggesting that these techniques may be superior to hemodialysis and peritoneal dialysis.
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